Human pancreas-specific protein disulfide-isomerase (PDIp) can function as a chaperone independently of its enzymatic activity by forming stable complexes with denatured substrate proteins.
Members of the PDI (protein disulfide-isomerase) family are critical for the correct folding of secretory proteins by catalysing disulfide bond formation as well as by serving as molecular chaperones to prevent protein aggregation. In the present paper, we report that the chaperone activity of the human pancreas-specific PDI homologue (PDIp) is independent of its enzymatic activity on the basis of the following lines of evidence. First, alkylation of PDIp by iodoacetamide fully abolishes its enzymatic activity, whereas it still retains most of its chaperone activity in preventing the aggregation of reduced insulin B chain and denatured GAPDH (glyceraldehyde-3-phosphate dehydrogenase). Secondly, mutation of the cysteine residues in PDIp's active sites completely abolishes its enzymatic activity, but does not affect its chaperone activity. Thirdly, the b-b' fragment of PDIp, which does not contain the active sites and is devoid of enzymatic activity, still has chaperone activity. Mechanistically, we found that both the recombinant PDIp expressed in Escherichia coli and the natural PDIp present in human or monkey pancreas can form stable complexes with thermal-denatured substrate proteins independently of their enzymatic activity. The high-molecular-mass soluble complexes between PDIp and GAPDH are formed in a stoichiometric manner (subunit ratio of 1:3.5-4.5), and can dissociate after storage for a certain time. As a proof-of-concept for the biological significance of PDIp in intact cells, we demonstrated that its selective expression in E. coli confers strong protection of these cells against heat shock and oxidative-stress-induced death independently of its enzymatic activity.